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SUMMARY o) assificatipn Change Notices No. /2 .
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An investigation has been conducted in the Langley 16-foot transonic
tunnel to determine the effect of constant-chord trailing-edge control
deflection on the aerodynamic loading characteristics of a 3-percent-
thick, 60° delta-wing—body combination. Chord length of the control
wes 15 percent of the wing mean aerodynamic chord. Pressure data were
obtained on the wing with aileron deflected and with both aileron and
elevator deflected simultaneously. The aileron and combined control
deflections varied from 15° to -15° in 7.5° increments with angles of
attack up to 26°. Test Mach numbers covered the range from 0.80 to 1.05
and the Reynolds number was approximately 10 x 106 based on a mean aero-

dynamic chord length of 30.23% inches.

In general, the aileron maintained positive control over the whole
range of the investigation. Greater control effectiveness was obtained
for negative control deflection than for positive deflection. A positive
deflection of 15° maintained local supersonic type flow over the upper
control surface to Mach numbers as low as 0.94 and subsonic-type flow on
the undersurface up to 1.05.

At an angle of attack of 4° and a Mach number of 0.94 aileron deflec-
tion variation from 15° to -15° moved the chordwise center of pressure
forward from the 61- to the 23-percent station of the mean aerodynamic
chord and at an angle of attack of 20°, from the 54- to the 45-percent
station. Under similar conditions the spanwise center of pressure moved
inboard from the 60- to the 42-percent semispan station and from the 49-
to the 46-percent semispan station.

""Title, Unclassified.



INTRODUCTION

Because of inadequate theory for calculating the effects of deflected
controls on wing aerodynamic loading in the transonic range, at present
(see ref. 1), it is necessary to resort to experimental data for airplane
control design for the transonic regime. The need for experimental data
on typical airplane configurations in the transonic regime is, therefore,
greater than for subsonic and supersonic ranges where present theory is
adequate. Experimental investigations of various control configurations
on wing-body combinations with thin wings of unswept, swept, and trian-
gular plan forms have been conducted in the Langley 16-foot transonic
tunnel as indicated in references 1to 3.

That part of the investigation which deals with wings of triangular
plan form consisted of tests to determine the aerodynamic characteristics
of a 60° delta- -wing —body combination with a 3-percent-thick wing. The
longitudinal aerodynamic characteristics have been reported in refer-
ence 4, the wing loading characteristics with undeflected controls in
reference 5, and the wing loading characteristics with deflected constant-
chord controls are presented in this paper. The chord length of the
control was 15 percent of the wing mean aerodynamic chord. A Mach number
range of 0.80 to 1.05 wes covered in this investigation over an angle-
of-attack range from 0° to 26°. Deflections of alleron and combined con-
trols (aileron with elevator) varied from 15° to -15° in approximately

7.5° increments. The Reynolds number wes approximately 10 x 1006 based
on a mean aerodynamic chord length of 30.23 inches.

SYMBOLS
A aspect ratio
b wing span
c local chord
. _ » rb/2
c' wing mean aerodynamic chord, = f c2dy
(]
c average wing chord, S/b

wing-section pitching-moment coefficient about 0.35¢,

1.0
]:) (CP: i
bs

Cm0n55c




oooolr—

[
< e @

Yo W

el i W
Gow P
TR
e E B

wing-section pitching-moment coefficient about 0.35¢’,
cmo.550 cn(0.35 =
wing bending-moment coefficient about body center line,
l.o . Qe n R "
n =
0.19 S v/2 v/f2
wing pitghing-momaft coefficient about 0.35c: ,
J/\l.O c2 y
Cm :—' d %
0.19 &' 1©p/2
wing-section normal-force coefficient,

1.0 x
A (prl - Cp:u> d S

wing normal-force coefficient, fl'o S
0.19 ¢ b/2
body length
Mach number
free-stream static pressure
Plocal = P

pressure coefficient,
q

free-stream dynamic pressure

body radius

radius of wing tip

wing area (includes area covered by body)

distance fromwing leading edge or body nose (positive
rearward)

distance from wing leading edge to a line perpendicular to

plane of symmetry and passing through 0.35c¢’
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3.(_22 section chordwise center-of-pressure position

Xep, wing chordwise center-of-pressure position, 0.35 = Gr
c’ Cy
% spanwise distance measured from body center line

Jep wing spanwise center-of-pressure position

b/2

a angle of attack of body center line

A taper ratio

o} angle of control deflection, in plane normal to hinge line

(positive when trailing edge deflected down)

Subscripts:

a aileron

C combined control (aileron with elevator)

2 wing lower surface

u wing upper surface

cp center of pressure

APPARATUS AND METHODS

Wind Tunnel and Support System

This investigation wes conducted in the Iangley 16-foot transonic
tunnel which is a single-return atmospheric wind tunnel with an octagonal
slotted test section. It has a speed range from a Mach number of 0.20
to about 1.10 and the Mach number is varied over this range simply by
variation of tunnel drive power. The model was sting supported from a
single swept cantilever strut that was arranged so that the model wes
always located near the tunnel center line for all angles of attack.
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Model

Figure 1 shows the model with left aileron deflected 15° mounted in
the Langley 16-foot transonic tunnel test section. Figure 2 is a sketch
showing model details and a list of wing pressure orifices. These pres-
sure orifices were located on the top and bottom surfaces of the left-
wing panel and control surfaces only. The steel wing has 60° leading-
edge sweepback, 0° trailing-edge sweep, and NACA 654003 airfoil sections
parallel to free stream. The wing wes mounted in the midwing position
on the fuselage and was designed to have no geometric twist, incidence,
or dihedral. The wing tips were slightly rounded; thus, differences in
the actual and theoretical values of aspect ratio, area, and the wing
mean aerodynamic chord were created. These differences are shown in
figure 2. Actual values were used in data reduction.

The control shown in figure 2 consisted of wing trailing-edge ailerons

and elevators. The aileron was deflected individually and the aileron
and elevator were deflected simultaneously as a full-span trailing-edge
combined control. The parting line between aileron and elevator was
located at 0.67b/2.

Tests

Pressure data were obtained for Mach numbers of 0.80, 0.90, 0.94,
1.00, and 1.05 at angles of attack from 0° to 26°. Nominal control
deflections of 0°, 1‘7.50, and *15° were obtained for each Mach number.
At Mach numbers of 1.00 and above, the angle-of-attack range wes limited
by tunnel drive power. For this investigation the Reynolds number based
on the wing mean aerodynamic chord varied from 9.5 x 106 to 11.5 x 10
over the Mach number range.

The relationship between the control deflections of the right- and
left-wing panels is shown in the following table:




- Left wing panel Right wing paneT
(Instrumented) (Not instrumented)
[Aileron| Elevator " Elevator | Aileron
Aileron alone
o° o° 0° 0°
1-5 0 0 0
15.0 0] 0 0
-7-5 0 0 0
-15.0 0 0 0
Combined controls
0] 0 0] 0
1-5 7-5 -71-5 -T1-5
15.0 15.0 -15.0 -15.0
-7-5 -T7-5 -71-5 ol
-15.0 =15.0 -15.0 -15.0

Instrumentation

Pressures over the wing and trdgiling-edge controls of the left-wing
panel were measured at six spanwise stations with the pressure orifices
located as listed in figure 2. These orifices were connected directly
to manometer boards. At the innermost station the orifices were installed
on the fuselage shell about 1/16 inch from the wing surface at the wing-
fuselage juncture. These orifices are listed but the pressures obtained
were not used in the analysis of the combined control data for this inves-
tigation since they are closely associated with the pressures over the
entire wing chord only for a & = 0° deflection of combined controls.

Model angles of attack were measured by means of a calibrated
pendulum strain-gage angle-of-attack indicator mounted in the model nose.
The resulting angles of attack are independent of sting and balance
deflections due to load.

Reduction of Data

Pressures were recorded by photographing 100-tube mercury manometer
boards. A film reader converted the individual pressure tube deflections
recorded on the film into punch card readings. The data were then proc-
essed on electronic computing machines to obtain individual pressure

g




g

\)',;

oooolr-

coefficients. Wing-section normal-force and pitching-moment coefficients
were machine processed by the use of a rectangular step Integration. The
data cards were also fed into an automatic plotting device for the prep-
aration of chordwise pressure-distribution plots which will be discussed
later in this paper.

Accuracy

I _tl\geasurements and coefficients are accurate to within the following
imits: «

CP - - . . L[] . . ° - . - - 3 - »® & 9 s = © £l . - - . - . - - L[] . -.':O-Ol
CN . » . . . . . . - . . . e - . e . . . . - . . ° - - - Y - - -.':O-Ol
Cm + = = = = = = = = = = = = = = = = = s % = = = s % = = » = &% = +0.001
Ch = « = = & & = = = s @ & % = & = 5 8 2 @ @ « = 8 = = = 2 @ & & 10.05
M e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 10.005
O & s« = = = = = = = =2 = = ® = = = = ® ® ®m = ® +® ® o+ ® o® o ®o* o ® 0.1

The local wing section angles of attack have not been corrected for
twisting characteristics due to aerodynamic loads. However, the twisting
characteristics at several chordwise and spanwise stations were determined
from static loadings. The method used is described in reference 6. The
maximum twist at the 0.90b/2 station was about -0.5° for conditions of
maximim load.

The additional control deflections due to load was determined by a
calibration using static loadings applied only to the controls. Deflec-
tions due to wing twist were not considered, inasmuch as they were
believed to be small. The maximum deflection for maximum loading was
found to be approximately -1.40°. For this paper the nominal deflection
angles were used for all basic data but the corrected deflection values
were used in the wing chordwise and spanwise center-of-pressure location
analysis figures.

RESULTS

The results of the investigation are presented as follows:
Figures

Wing chordwise pressure distributions with controls
deflected.. - - - - - e e e e RN 3 to 10
Variation of wing chordwise pressure distributions with

cantral deflection - 11 to 14
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Figures
Boundary- Iayer flow patterns . « & & v v & ¢ 4 0 4w w .. 15
Wing spanwise loadings e e . . 16 to 23
Spanwise variation of section center of pressure “ e e e s 24, 25
Wing chordwise center of pressure . . « « « & & & & = & & & 26 27
Wing spanwise center of pressure . . « & « « &« &« &= 2 2 5 5w 28 29
Wing normal-force coefficients . . + + + + « = = « + + « « .« 30to 33
Wing bending moments = = = = = « & & & & 0w w40 0w w oo 34, 35

DISCUSSION

Basic Chordwise Pressure Distributions

In figures 3 to 10 are presented the basic control deflection data,
consisting of pressure coefficient distributions for the upper and lower
wing surfaces for six spanwise stations. In interpreting these data it
should be noted that the ratios of the control-surface chord lengths to
the wing-chord lengths vary along the semispan. For instance at 0.19b/2
the control surface comprises about 12 percent of the wing chord while
at 0.90b/2 it comprises about 65 percent of the wing chord. The sudden
breaks in the curves, denoting where the control surface begins, may be
seen to vary in percentage of the chord at each spanwise station. A
complete discussion on the pressure distribution and flow characteristics
of the basic wing (with controls undeflected) is given in reference 5.
Reference 3 indicates that carryover loads from the elevator deflection
on the right wing may be expected. Although the magnitude of the carry-
over is not evaluated in this paper, the fact of carryover should be
considered in studying these figures.

Effect of Control Deflection On Wing Chordwise
Pressure Distribution

In figures 11to 14 are presented pressure coefficient distribution
comparisons between the basic wing, with controls undeflected (from
ref. 5), and the wing with various aileron and combined control deflec-
tions. The differences between the dashed and solid lines of figures 11
to 14 represent the effect of control surface deflection upon wing chord-
wise pressure distributions and may be termed additional pressures.

The effect of a positive aileron deflection of 15° upon the wing
pressure pattern is shown in figure 11. The additional pressure pro-
duced on the lower surface of the wing and aileron wes positive iIn sign
and usually approximated a triangle in shape with the apex at the aileron
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leading edge and with rapid tapering down from the apex in both upstream
and downstream directions. (See fig. 11(a).) The limit of the influence
of aileron deflection upon the wing undersurface wes about one aileron
chord length forward of the aileron. This positive pressure pattern wes
not gcl)'eatly affected by angle of attack or Mach number from M = 0.80

to 1.05.

The additional-pressure pattern on the upper surface of the wing
produced by a positive aileron deflection of 15° was more complicated
in shape, the pattern being greatly affected by Mach number and angle of
attack. At a Mach number of 0.80 the pressure pattern had definite sub-
sonic characteristics whereas at M = 0.94 and 1.05 it had supersonic
characteristics. At M = 0.80 the additional pressure, although nega-
tive in sign, showed peak pressures at the aileron leading edge (as on
the undersurface) and influenced the wing pressuxe field also about one
aileron chord length forward of the aileron leading edge. At M = 0.9%
and higher, however, the influence did not extend wpstream but wes con-
fined mainly to the aileron itself. (See fig. 11(b), for a = 0.3°))
The pattern on the aileron also tended to the rectangular shape which
is typical of supersonic flow. (See ref. 7.) In general, the influence
of control deflection on the additional pressure patterns decreased with
increase in angle of attack. This decrease in influence is associated
with stall on the aileron and the part of the wing covered by the aileron.
At an angle of attack of 8° stall was usually evident at one of the two
aileron stations (y = 0.7T4/2 or 0.90b/2) and at an angle of attack
of 12° at both stations.

The fact that the undersurface seemed unaffected by Mach number and
the upper surface was definitely affected may be explained by circulation
due to lift. On the upper surface the circulation added to the general
flow and produced local supersonic flow at free-stream Mach numbers as
low as 0.94, whereas on the undersurface of the wing the circulation
opposed the general flow and produced local subsonic type flow even to
Mach numbers as high as 1.05.

The remarks concerning the positive aileron deflection of 15° apply
in general to the combined control deflection of figure 13 except that the
spanwise influence of the combined controls extend undiminished inboard
to the body. The deflection of the elevator in addition to the aileron
on the left-wing panel appears to strengthen the additional pressure
field of the aileron and to extend its influence slightly farther forward
upon the wing pressure pattern. It should be noted here that the combined
control on the opposite (right) wing panel was deflected -15°, whereas
for the aileron the opposite aileron wes not deflected. Therefore some
influence from carryover associated with this -15° deflection on the
right-wing panel may be expected in the pressure data of the combined
controls on the left-wing panel in the manner indicated in reference 3.
Figures 13 and 1% indicate that the influence of combined control deflec-
tion on the wing pressure distribution is mainly limited to the vicinity

of the controls. 103“
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The effect of negative aileron deflection of 15° on the wing pres-
sure pattern is shown in figure 12. The forward and lateral extent of
influence of the aileron on the pressure field of the wing is about the
same as that for positive 15° aileron deflection. Perhaps the most
pronounced characteristics of these pressure patterns were the peak neg-
ative pressures on the undersurface of the wing at the aileron leading
edge. At a Mach number of 0.80 these had the sharp peaks characteristic
of subsonic flow, but at a Mach number of 0.94 the peaks had broadened
out noticeably and at a Mach number of 1.05 the peak pressure had extended
back almost undiminished to the trailing edge which resembled the expan-
sion phenomena of supersonic flow. (See ref. 7.) At a Mach number of
0.94 and above, these peak negative pressures as a rule do not carry over
onto the wing either in a chordwise or spanwise direction, but are con-
fined mainly to the aileron itself. As wes the case for positive aileron
deflection, angle-of-attack variation had little effect on the wing
undersurface pressure pattern but a pronounced effect on that of the
upper surface. In general, the onset of the stall on the upper surface
occurred at lower angles of attack than for positive deflection. The
influence of aileron deflection on the upper-surface pressure pattern at
angles of attack above the stall angle wes small.

A visual indication of the effects of negative 15° aileron deflection
on the flow pattern on the upper surface of the wing is provided from
boundary-layer studies by means of ink-flow and tuft photographs of fig-
ure 15. It may be noted that both ailerons are deflected at -15°. Com-
parable ink-flow photographs for undeflected controls are shown in
reference 5.

A comparison of figure 15 with the photographs of reference 5 indi-
cates that negative aileron deflection makes the pressures more positive
in the region of the aileron. The ink-flow pattern indicates that the
spanwise flow near the aileron noted in reference 5 has been eliminated
by negative control deflection. This is believed to be associated with
the more positive pressure field connected with negative control deflec-
tion. Pressure distributions and ink flow both show the vortex existing
near the leading edge, and tufts indicate the spanwise extent of the
vortex. Although aileron deflection did affect spanwise flow, it did not
influence the position or appearance of the vortex.

The negative 15° deflection of the elevator in addition to the
aileron as shown in figure 1% reinforces the additional pressures pro-
duced by the aileron and extends the pressure pattern undiminished
inboard to the body. The deflection of the combined control on the
opposite wing panel wes -15°. The carryover from the opposite control
would be expected to reinforce the additional pressure field in this
case. This should be considered when these data are compared with those
of figure 13, where the carryover would be expected to oppose and diminish
the additional pressure field.
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Effect of Control Deflection on Wing Spanwise
Loading Characteristics

In figures 16 to 23 the spanwise loadings for undeflected controls
are compared directly with those for deflected controls. Figure 17(a)
indicates that the main effect of the aileron deflection was on the
loading of that part of the span covered by the aileron although there
wes some carryover to the remainder of the wing. A comparison of fig-
ure 17(a) with figure 17(c) shows the effect of Mach number on the lateral
carryover, namely, that the magnitude of the carr¥yover pressures decreased
with increase in Mach number through the transonicsrange. It nmay be
observed that for positive aileron deflection (fig. & for instance) an
increase in the angle of attack produced a marked decrease in the addi-
tional loading caused by deflection of the aileron, whereas for negative
aileron deflection (fig. 19 for instance) an increase in the angle of
attack had much smaller effect on the additional pressure patterns. This
difference between positive and negative deflection could not be caused
by carryover from the opposite wing because in both cases the opposite
aileron was not deflected. It would therefore appear that wing normal
force wes more greatly influenced by negative aileron deflection than by
positive aileron deflection.

When figures 21 are compared with figures 23 1t is apparent that
negative combined control deflection wes more effective than positive
deflection in influencing wing normal force. However, in both cases the
combined control on the opposite wing panel was deflected -15° which
would tend to enhance this effect since it might be expected that carry-
over from the opposite panel would decrease the additional normal-force
pattern for 15° deflection and increase it for -15° deflection.

Effect of Control Deflection on Center of
Pressure Characteristics

Section chordwise center of pressure.- Variation of the section
chordwise center-of-pressure location with control deflection at the
typical transonic Mach number of 0.9% is shown in figures 24 and 25.
Figure 24 indicates the localized nature of the influence of the aileron
alone upon the section centers of pressure along the semispan. Both
figures clearly emphasize the decrease in center-of-pressure movement
with increase In angle of attack. This, of course, does not necessarily
mean that the controls are less effective in producing changes in pitching
noment at the higher angles of attack (see ref. 4) but only less in pro-
portion to the normal force.
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Wing chordwise center of pressure.- In figures 26 and 27 is pre-
sented the effect of control deflections on the wing chordwise center-
of-pressure location. For both aileron and combined control, increasing
the angle of attack produced forward movement of the center of pressure
for positive control deflection and rearward movement for negative deflec-
tion. Increase in Mach number in the range of the investigation moved
the center of pressure slightly rearward, in general. This effect was
more pronounced for combined controls than for the aileron alone. The
magnitude of the center-of -pressure movement decreased with increase in
angle of attack. For instance, at an angle of attack of 4° and a Mach
number of 0.9%, aileron-deflection variation from 15° to -15° mowved the
chordwise center of pressure from 61 to 23 percent of the mean aerodynamic
chord but at an angle of attack of 20° from 54 to 49 percent of the mean
aerodynamic chord.

Deflecting the controls positively from the neutral or zero position
moved the center of pressure rearward in every case and deflecting them
negatively caused the center of pressure to mowe forward, the extent of
movement being much greater for combined controls than for the aileron
alone. For combined controls negative deflection often moved the center
of pressure off the leading edge at the low angles of attack.

Wing lateral center of pressure.- The relation between spanwise
center-of-pressure location and control deflection is shown in figures 28
and 29. W.ith controls undeflected the center of pressure varied between
45 and 55 percent of the semispan being mainly affected by variation in
angle of attack and only slightly by Mach number.

The location of the spanwise center of pressure in general was more
greatly affected by aileron (fig. 28) than by combined control deflec-
tion (fig. 29), the trend in both cases being that an increase in deflec-
tion In the positive direction caused the center to mowe outboard. The
maximum center-of-pressure movement for the aileron alone occurred between
positive 15° and negative 15° deflection at a Mach number of 0.80 which
caused a 25-percent shift from 0.60 to 0.35 percent of the semispan.

For all positive deflection angles of the aileron and for low neg-
ative deflection angles, an increase in the angle of attack moved the
spanwise center of pressure inboard, but at the negative deflection
angles, from about 6° and upward, moved the center of pressure outboard.
The magnitude of the center-of-pressure movement decreased with an
increase in angle of attack. For instance at an angle of attack of 4°
and a Mach number of 0.94 aileron-deflection variation from 15° to -15°
moved the spanwise center of pressure from 60 to 42 percent of the' semi-
span but at an angle of attack of 20°, from 49 to 46 percent of the
serispan. Increase in Mach number through the range of the investigation
decreased the magnitude of the center-of-pressure travel. These remarks
also apply for the case of the combined controls except that the change

ooolir
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from inboard to outboard movement of the center of pressure occurs, in
general, at higher negative deflection angles.

The sudden movements of the center of pressure from positive to
negative infinity in figure 29 for an angle of attack of 4° wes caused
by the wing normal force passing through zero under the influence of the
negative deflection of the combined controls.

Effect of Control Deflection on Wing Normal-Force and
Bending-Moment Characteristics

%

Wing normal force.- It is assumed for the purposes of this discus-
sion that aileron effectiveness is determined by its ability to produce
changes in normal force, positive deflection increasing and negative
deflection decreasing normal force. Figure 30 indicates that the aileron
is effective over the whole range of the |nvest|gat|on except at a Mach
number of 0.94, an angle of attack of 12° » and a positive deflection
of 15°, as shown in figure 30(a). As for the cause of the ineffectiveness
of the aileron at this point, figure 17(b) (a= 12.3°) indicates that the
root of the trouble lies at station 0.74b/2 on the aileron, in that
aileron deflection did not produce the usual increase in normal force at
this station. An examination of pressure distributions in figure 11(b)
for a = 12.3° and station 0.74b/2 indicates that aileron deflection
produced the usual increase in normal force on the lower surface but a
decrease on the upper surface. The decrease in normal force on the upper
surface opposed the increase on the lower surface and caused the aileron
to lose most of its effectiveness at this point. No explanation for this
phenomena will be attempted in this paper; however, it may be significant
that previous investigations of similar model configurations have indi-
cated mixed flows at a Mach number of 0.94, and flight tests also indi-
cate that this is a troublesome flight region.

The aileron is slightly more consistent as well as effective for
negative deflection than for positive deflection as indicated by a com-
parison of figures 30(a) and 30(b). Also a comparison of figures 32(a)
and 32(b) shows that for combined controls negative deflection is con-
siderably more effective than positive deflection. As indicated previ-
ously, however, some of this may be caused by carryover from the opposite
wing panel.

Wing bending moment.- The effect of control deflection on wing
bending moment may be seen in figures 34 and 35. "he influence of con-
trol deflection on bending moment shows no consistent or significant
variation with Mach number; however, a slight decrease may be noted with
an increase in angle of attack. Bending moment, as normal force, appears
to be influenced by negative control deflection to a greater degree than
by positive deflection.




3
] M
3 30 5 ;
> 4 3 b§
l)-‘- RIS I T B ]

The results of an investigation of wing loading produced by control
deflection on a 60° delta wing-body combination at transonic speeds indi-
cate the following conclusions:

1. The aileron maintained positive control over the whole range of
the investigation except near an angle of attack of 12°, a Mach number
of 0.94, and a control deflection of 15°.

2. In all cases negative control deflection wes more effective than
positive control deflection. This effect is more pronounced for com-
bined controls than for aileron alone.

3. A positive control deflection of 15° maintained local supersonic-
type flow over the upper control surface to Mach numbers as low as 0.94
and subsonic-type flow on the undersurface up to 1.05.

‘4. At an angle of attack of 4° and a Mach number of 0.94, aileron-
deflection variation from 15° to -15° moved the chordwise center of
pressure from 61 percent to 23 percent of the mean aerodynamic chord
and at an angle of attack of 20°, from 5% percent to 49 percent of the
mean aerodynamic chord.

5. At an angle of attack of 4° and a Mach number of 0.9%, aileron-
deflection variation from 15° to -15° mowved the spanwise center of
pressure from 60 percent to 42 percent of the semispan and at an angle
of attack of 20°, from 49 percent to 46 percent of the semispan.

Iangley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., July 17, 1959.
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Wing orifice locations
Actual Theoretical Station
A | 2.06 23l
b2 | 2454 26.06 x/ch x/c x/cb x/c . X/c X/e -
S | 8132 817 fi2 *[)19% 0.329 535 | 2655 | 2743 | 2907
» |0 o 0 0 0 0 0
c’ 30.23 in. 3009 in. oo (e0x 083I O%é 08:!‘ O_%I:_)
Secti A 6580031 NACA 65A003 03 .03 . -
{ Section| NAGA 65400 05 | o5 05 | .05 o5 | 08
08 .08 08 08 08 A0
10 A0 10 10 10 .15
IR AR AR A
d inates . 19 . 25
Body - 25 25 25 5 25 | 30
X r .30 .30 30 .30 30 35
0 [o] 35 .35 35 .35 35 40
200 056 40 .40 40 .40 40 45
4.00 109 45 45 45 45 45 50
6.00 1.58 50 .50 50 50 50 .60
8.00 204 55 .55 55 55 55 .70
10.00 245 60 .60 60 .60 60 .80
1400 3.18 65 .65 65 .65 68 90
18.00 377 .70 70 70 .70 70
2200 422 .75 75 75 77 73
26.00 454 .80 .80 82 .79 75
30.00 472 85 .85 83 8l 80
33.33 4.76 20 .87 85 .83 85
78.58 4.76 95 .88 87 .87 90
8000 473 .89 90 92 95
8350 456 .81 93 .86
87.00 435 .93- 97
90.97 407 .95
104.30 34 .98

locations.

* Actually Ioculéd on body

Figure 2.- Model g :ails and list of wing and body pressure orifice

A ll model dimensions are in inches unless otherwise noted.
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L-506



29

‘penuI4uUO) ~-°g 2INTTH
*pPeNUTUOY (O)

; 9/ ‘pIOYd JO UOIJODI ,
0l 8 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 20018 9 v 2 00I'g 9 ¥ 20 Ol 8 9 ¥ & O
T o] 1] h ] e L1 * .78

le]

T
: _ ! w Ty )
; ; INmm Ao L) (0] % u G
2 o %5 ® Pogpdn e Gi o 5. <} _rn anp o uﬁrn 292 L=
2 “ - &y = -O-ge 5 iro o
P b q i of 3 |0

g
)

>
ammDn M 09900 bo oo

4

1 v 5] .
a 1
] a by -] o o a -3 d .unnnn qa =] q

% | °

dry Uil 4900 9NSSaIY

3

El

>

@

~
H)
3

"o

R

]

»

3

]

o

Q)

&

o

°

°

°

o

O

o

&
O < o YW N O F O & @

A B |
|

| _ A ] |
R N T I Fo B i T T
un\rl 2 ° :M 4 Ta | L l, u ; -1
SRS aer i T [ T po o a a o a
o ~ G oA q GhoGGp n o cdoduba ¢l o cdadoda a nnFn o
<] -] T
4
=]
0%6Qog0¢olo MCErEEEEE] ° %.—V|
00, ooo & ()
o o oo O RO &yl o k: e w _
<
o ° ) b
oot & o o o :
°9° i °00004° h2 O 50980 b° o4 .
5 g 1=

| Lottl =D
I | ®_I

a/q060

&/9%,°0

a0G-1

4/9G90

&/9¢50

2/92¢0

2/4610



90G—1

*panUTIUO) ~°Q SINTTI
*papnTouc) (o)
/X “p40Y0 JO UOILODI .
0l 8 9 ¥ ¢ 0018 9 ¥ ¢ 0018 9 +¥ ¢ 0018 9 ¥ ¢ 0018 9 ¥ & 00l 8 9 ¥ o ON._
0l'9¢="D
]

=718

Lo gl

A
= 11
a & - i - b n:uu.H_
r
5] ol u LT K uauanuuunr Y ode popufo TRy Fohoda®d n“runrnnn
ts]
d

o

ol g =D )
PR Q. MW
T
o i 0 & o Q.5 | ~ _ - al3 M“w
T T @ T w T >
of_ LTS Ki alogohopod | & ogagonuyd PO J Judgagap® ohghond c
o Q d o [ a =
Q a A o D
o o 21 d
3 3
[ ° M
=h
Q.
5 5 &
0bg00 bo odo ody o0, o ode . 0dago90f0l, =
n o7 v TYo00G0 ba 5 T ) )
- A ©§05090 bo doom oxd odo L o 00 (@)
| ©

S 90D44NS JOMOT| T
T — 80D4INns Joddn o ——

P =

&
O N NN O & O«
v
; -

% o %

12/4060 &/9v.0 2/9690 2/4¢S0 2/92¢0 2/96l0

60



=
(o}

Ol

8 9 v g 0018 9 ¥ 2 0018 9

‘penuTquUO) -°Q SINITJ

‘00°T =W (p)

9/X *pioyd JO UOILID. 4

¥ ¢ 0018 9 Vv &

0018 9 ¥ 2 001 8 9 ¥ g O

: 58D
oo s .
2, 1T ; | 8
oo [T uuuﬁr o & B K &la L .
o - —o nuL e -] ._V
M . | [P 9 o0 pe Y 1,4 Taal o aho Y o2 “abohodobo LET S hd B 9 N - .1 ° ]
) . 3 A0
mene S YT TEETY ? )
o o o vlln
0 oo pody a abo PO 1™ odo |o °popopo Pl oo 290 p° . .
X 1 i <y w —
b o obo ] N N
|-
L s M Q_
o <ON¢H8 T
Q (el w w w
L . o
e 9 by B o Dnul a u 1ot n__n v m
bl a o o -~
oog ho ™ 4 8g. 2 o | a - M
b i °pagep ﬂ.ﬂm “{odagn uuﬁuom 29aba§p " 0] (@]
0309°9, N Sl ododopol odobodo o S0 odobodojoge S Lot %
o o Q K .q a”-.."
o o 8 . %
° P° 0do%b T [°cdan) L3
L g 2
=0
90D4JNS JoMOT] o * a2l
20Dpns Jaddn o . >
5 T+ Fo20=D
. o =] _ w
- ~\n_ n,h = —_] L —
C a uqm T = T ‘lil: 1A
q A 0T FTRLD i : .
on a - a .
= 5 e LR CEREREN P L ez [0)
g HlH HH, N -
5 A0, o0 [ — %0 o — m.l’-
—— -4
T -

——

2/9630

2/MeG0

2/82e0

2/94610



‘PINUTIUO) -°Q INTTH
*popnrouo) (p)

/% *PIOY0 4O UOIODI

0l 8 9 ¥ 2 0018 9 ¥ 2 0018 9 v 2 0018 9 ¥ 2 0018 9 ¥ g 001 8 9 ¥ & Ow
: i T T 1T T [ i
- % hg K] “¥odogofol L [ Pfalolobabob, __~u_ “8abololobohaim o (B L: phafe P 1°%, 19077 n¢

o
(@)

<
]

%
%)

e¢]
[

o,

o -] opopo

o
°
°
8.
60
o
°
o
8
%
°
°
°
o
©
°
q
E
%
ol
1

©
T

o

Q )
a B a o o - ) w
o o Ll o o a 4
Uunu o “90badoba 1o “hg e . - Pa ubln:uﬂu.m a b ngof d nncn .q m
] n o o ) =
o E [0
0 o
3
- )
800 oo ooo odoongoqe] 7 %00 o,q NJT
° @
3 ~Hg - 3
a ooy, o fral
5 5 5 5 3 )
Lo o ﬁoao ooeoooo 00, uocoooo oa N_lxﬁnunu
& omm s ‘ m_l
80D4INS JamoT D
R
£ 9opyans Jaddn o 7
2

3
¥
»
3
3

]
O

n B LT

PP 0pop0po?°7°70 040900990 o X
5 T
° 8
o g -
THT
Tho Y Yy A T.4°¢°P TN N S5 & o
hd 0 alo o .

0e® 1240 d ol i N_I

/9060 [ZER7R0, 2/4G690 /950 2/9220 2/9610

62



63

*PSNUTRUOY ~-°*Q SJINITI
"GO T =W (3)

KRR | J/X ‘pioyd JO UOIODI . ,
3:2 Ol 8 9 ¥ 3 0018 9 ¥ ¢ 0018 9 ¥ ¢ 0018 9 ¥ ¢ 00I8 9 ¥ ¢ 00l 8 9 ¥ g O

- 029 .
= ; 8
PP o . &
= a]
o, o o 4 Te B 4 o .
El (]
3 e Spopodom |9 S dn a o ° ° 2 g
It 2T E) Fo ] = ‘& a po o ghape
o~ ano OgmQo obn o
PR o
RN LTy o) TUGGEToN S TETYT o>
[ ° s .V.l.
%%0dodo %0
° Po oy o by -]
> '
o-fo o oY Cog o, oho 000 aology P 000y 3 opu m
o.n.n0
o T YA
oGt =D
o f .
< — _ 8
1 [s —
o T ]
RO ing | ! o ] _..nm o a Inmva n__n .V
g P la & un o a a =) D q
iv] &1 [a]
=] al ﬁ
° apa uvn: g bo Q . bopl ahayd O
o
9 —| - - a0 Do g, a. 00090
T (X0 [ i
B EEEDNN b [ ._V.!
A %
o o - -3
=) T i & ;
) 24 cado bot o Qo0 con& onov S
o~ obg _
- ~ {
W

9004NS J6MOT] O
90pJns Jeddn o

o o o) & 7 N
—
= =) Q =] (=}
Nl o af n o o o a
g d = a
= BE THETE
© po e ° omuum& 0b6oBapopd Bl oommwa.mum ooaoumwm 0go§BYRYD
k-
M g
o
O,
Sdo TGO G oo, odoap opan S,

O g O & oo ©
1 i —_ =
1

2/40Uc0 2/a%L0 2/9990 29¢0 N_\n 2¢0 4/9610

doy “ueioly1e09 ainssaig



JUsTL

*popNTouo) -°g SINITJ
*papnTouc) ()

9/X *PIOYD JO LOHODI] ,
Ol 8 9 ¥ 20018 9 ¥ ¢ 0018 9 ¥ & 0018 9 ¥ ¢ 0018 9 v+ & 001 8 9 ¥ 2 O

Foe =D .
3 8
T T8 LT . e : z
] a Soadgbo =] a a *] =5 | o .bl]u¢
1a o 4 (o] it o R 4 cholphopof” %oodagofog” 1
=3
samen O
R 090$0009069P0 060009290 7%°7°%0 mql
[]
;o oA M )
- - =, ° o P a
- oy Sba500T od [ P e M B C0Gaw o TP s -
L 5} Lo%e. P 0 ¢
- HeE 2l
= r——— A
o KOAWAU_H\Hu )
] m mw
<
b o Fe i ﬂ_“ 72
P
O, o “0ada a e X - o T ° ety <
P a a Y a EEETER:EE oo B ahodgdgpaP™ odnbolobap? g boaobal oD
(=]
Q
0 g
< X —h
Ca, 09080000000 600B0600 00 0 Lo . =
v- &
3 - S T b mW
0 ko poodd o o oo s o holo sovan) o (o w.l =
Y XA eoeﬂu °dedo 0
mraas THT TG . %
e 50DJNS JBMOT O Sl
P
o i, 9opyns Jaddn o B >
coens " [o£8=2 g
T
hemg s o
e e DR o .
| =) PR . il , Ao | v
d a a 900 gp how® |o by I o & q m a 1 yg03d
oo o Toagay oo ] O
o opobooopoeOY” EEEEEREE T o
o a - a
o po $d] 080bo0dobobo?™® |09%|o °P0900C PP [ogda) °00pel. gy, oo} 8 -
d
o o Bd P

¢/9060 a/9%.2.0 /9890 ¢/9 €50 2/9¢¢0 2/96|0



N
O

8§TOXqTOD

Ol 8 9 ¥

POUTQWOD Y3TM JUTM BATOP 009 ® UO SUOTINQTJILSTP aanssagd 9STMPIOY)D -6 SJINTTJ

0T 0- = TS Ay fyg 0 = W v oGt L- PO3DATIED

¢ 0018 9 ¥ 20018 9 ¥ 2 0018 9 ¥ & 0018 9 ¥ 2 0 Ol

9/X *PIOYD JO UOIODI

T
Fo2'9="D
| e ok
afoT ] = o mgo [ 0 6y . oho uu.nhm, 00" | ° s pul nunf& Mm@: - i M T o8 c
. a @ .
L TTT] S Po dood, . ° CF N R e TEEGS ool
5
_ _ uua L el | th.H N .- Og, ol oo
obo
[ 2 [T [T ]] Lo L] [T _L
opof g 05" o o uuumﬁcﬂ o 0o _ 1_rn uc_..nn. oo% ° Lo b £1° o o ° ago]
. ou: < nmn. umvﬂn 7 wc b unmmc oovooo
B 5] © b
= - °¢o ]
3 o
1T A 5 FoG b=
90DJ4NS JBMOT o
30D4ns Jaddn o -omm.ou_&
El
212 100
] Ouoﬁ o o 009 ) ooC N ooJo g 3 T
° o i cboyosBgopagRl |7 choleheba Bo nbod3pobaye py TBotn6o68 Po _Bosap8gapoyoge
B a
¢ ) i
Q. o o a o
1T il ; I

2/9060

29120

anC—T

/84690

¢/9¢50

2/9¢¢0

/9610

8 9 v < 0

8

O ¥ © o & O o % o
P Pl

o <
| {

dn *jusiol o0 94nssaid



904-1

*panuUTqUO) ~'6 2INITA
9/X P40y JO UOIIDIA ‘ ,
0l 8 9 ¥ 20018 9 ¥ 20018 9 % 200189 ¥ 20018 9+ 200 89 ¥ &0
T T w
H Lv2i=o ,

_ .
= = o =1 b
a a
cr:uunn.w u:a b0 o o of _ _ cu
T hy o ]
° 0g® npop® o%asf) fag® LI suel
] i v of¥ | O
o k]
9 4 o o ola -
° ) ) T . .Vl
8041 %be 8gg 2da b . o
o
2 .
] %, T Wl
b 2 a ° oo
A ° © ° o] %

° o o lo N_I

Y
. 3
17 [ 1] | 17 g
, T Td v §
s : = [ T [£01=° T Y @
N af°T 4 Lbasaf” nhop® olgbanBy” o agaye] ] | togegeq® 9] m
- = = & = = @
a —n
° o ° L. g =
. $OQ00Q lolo o = 000 Q000 o 0dadodo ogo .VII o
By 9g, s d enP. o ) . m
o o o w.| s
i %o 080 bo 0900 op° rooaj a% %
L) T (]
90D4JNS JSMOT] O 'l
pozn 90pyns Jaddn o b
K _ 1] I 11 s Ll TT 11 11 I 1115 o
LAl | nuuuﬂm o cnwn n_anE ° nbo op! "] ” N __:_a_rn_&at Cad nuopd aptT ol dogo90 O
a OU P o1 D, ° il -
|| ©9000 bo ° o N oboboba T N cdodo TA OG0 g0 .v.l
Qng ale S0 InL..[mn . AL - %
oo ey B ° o 0Dobo o0 POy ° o L™
. o 5 r oy i ) w —
L c'Q=D
o.m_w_ 7|~

2/9060 2/9v.0 279620 57006 2/42¢0 2/9610

O
©



N
O

peNUTAUO) ~°*6 3InITA

, 9/X "0y JO UOIODA]
0L 8 9 ¥ ¢ 0018 9 ¥ 2 0018 9 ¥ ¢ 0018 9 ¥ 2 0018 9 ¥ ¢ 00l 8 9

AN
U , , : - Rem g L
oo =0 s
- } N B ..H_, . N : LOOO.N. 0 - 20 ) ._V
3 - qﬁl I uuaﬂu: e L ﬂ . ,n RE a o BN AnL_u Qg _ T T
of ° g o a n
- 5 T O
o
- B . o L .V
5 o = oy 5 5 -
R o a Boobeesal B = Ty L s ovosobotol I
moa s o 5 oL P n ool a wl.
L TR e °ope ° 02000 ha tOud ° ° 3
Yo b © N
- = -
s
91~
N .
] [ [ Soro TEE 3
- = 0]
b uu._uﬂu e ° 1 (_: 5] n\v. m
00 Gy ap a a
T DREENE P Chsrr Fofegt® 3
o
A = 5 0]
ol 0 o (@}
° (] o
L 88935 bo o Odo - oo, E ° - XS i &
HE3= =S = & [ T°0 _ Aot [V =
“godoroladad, 1°doaty i et I ° Po) =3
uowooe ) w.l [0
0oq ob o S
T PO cood Py - o boodh ) —
: : " M dl-o
I - 90D4NS JAMOT] D - 91~
& &
sanso , 90044ns JzddM o _ e _ g
[ | . . -
] . rob7t71=0 oA g
k] 0 ha 74 | o P7 m _ e T v
- Y] o] ha P Sandl . o 5 fu]
aP pdd muomn ap® o |go0 .n.f Ao
) &Y ag =
O, N o
R o
) ] o Ul Tedogedado : ©409060]°¢°00 -
8 ol B g oo Qga a [ ] R oa
. . o
THOY Ok ° m.l.
04080 po @ o obapofd o Lo o .
o 5 o © - . . N —l
9'l-

2/ 060 2/9vL0 - 2/9G690 &/9¢G0 ¢/92¢0 2/9610

anG-T



906-1

*popnTOouU0) -6 2INITI

9/% "PIOYD JO U010
Ol 8 9 ¥ 20018 9 v 20018 9 ¥ ¢ 00lg 9 ¢ 200122+ 2001 8 9 +¢¥ 20
,, £92=D

2l

-c) anfl o
o po @ R o .
. ope-potn, ho [ il d - 4 ¥
0g® & 6p? o of® o e
= P55, ] = El
_ > - o . . 0
a af |° o i L o4
E ° .q..l
) 5,
n i f %
° 9dad4o01® .
&bﬁm«” 94 i o T o o - w.l
ol o - o
» oTepe M "YoPobobobgpou 084 ° q 7
oha al-
©
- To
. e dl
—] P = 13
oo} =2 -3
B o 2] 8 @
a 0
T 3 ; . a
g potn ag? 2 .V @
04e9° © Qb uunm an® ) o7 j a9? m
o n o
a 2]
o PO ] a a o O mw..
(= o a Q ° ° “.-
o o5 . D
N o I o ] o0 .Vl %
o -5 5, i 5 g -
0R000 ° .
obald, 4 - = 8- O
Coe%balb, 4 ° ooQ ° °9o T
i TYehobo bo o “Tobobobobo e ° ot 2|~
] °L. ] )
av oo 90DJINS JamoT] o -
annae 90p4Jns Jeddn o SR 2’|
i et |.0_NNM.HV w
— ] Gy
Py ro-] 2l
ba T o 0P .
. - a RA oy 0i? ._V
cheer dop°f” Labo7” i o] K ot | b’
Do g T g : uE . 0
o - 1
g 8 S a 1% nnowna A_VI
- T
o By _| - i 23 o) el aad
590 Poted] [od, ° ot o °Q0ba 2 8 -
UTP000 0.0 bo cood o000, ® [
SQQOQ ho °0q
T Po oo © o
] 2 21~

©
T

a/9 2/AvL 279690 2/4¢50 2/92¢20 29610

68



69

*oGT- P9309TISP
STOJIQTOD PIUTAWOD YTM SUTM BITIP 03 B UO SUOTINQTIFSTP 2anssaxd asTApIOy) - OT 2In3Td

iy O- = o..EOm:Ho ‘om0 =Hn (=)

9/X *PAOY3 JO UOIJIDAS

roe 018 9 ¥ 200lg g ¥ 200189 ¥ 2 0018 9 ¥ 20018 9 ¥ 2001 8 9+ & 0
‘ , . 8
. 3 : ) 100 8=2 .
M&M,}} Aol nmﬁmn., , . 5 o ‘(o ,o B nun«mﬂ ooq w 23, o .uu..l _,oaa.m S NI f 2 ol b o :nun‘v
e il o5 G5 of |- 8 o7 i} )HD o af” M Q oo T 2 T o O
- Q9q - o - nn al | o d .V.I
el 9 5 ve) m“ m.cl.

5 .GNWH,HV . >
o 2| .q %
o
- ° P ad - Kl m 7 3 [l
=) o
° ° Po ke ° oda oL a9 o o ° z N A °e :uauuﬂ ° pgogd® O @
o po aud7o 258987 ] 200599030 b RE LI 2y 379854040 o oo o]
. T 5 a 5 o (o]
a o ) a ) o 4 a .Vlu @D
. ot [, 3 e g A n &
- [ Q,
.o g~ @
2 o o =
7 o
s B3 p 1 .
. -0
a i of o 3 bS]
90D4INS JAaMOT] O 9l-
3004ns Jaddn o g
I3 o -
. - £0=D
) 1. ° N qd T &0 g o .v
T EETY P sho 75 v o o ° o °
0, ro (e] 0.
a bo _._.n_umnna odo 414 g o38 CR:Lkac | e ML R O
olaold Googo] R &) T
2P o a Be o ] b
b 5 a b ° 1
[ o) N H !
a "m.l
=]
. | - , 2l

o

1
¢/q060 ¢/Av.L0 /4690 /450 2/9¢¢0 2/9610




9041

*PanNUTIUO) -*QT SINITJ
*papugouc) (®B)

9/X *P4OYD JO LoD .
0l 89 ¥ 20018 9 ¥ 20018 9 ¥ 20018 9 ¥ 20018 9 ¥ & 0 018 = v 2 om.

[ _ , L B L o
- | R | H0L'G3 n..uu‘ Y] Bty v
o pYth a of B
a
T =] DUDJ = o o ° i3 fal G.—U (=] ° X 5 o ° =
po o N I a ° o ) ©. 3 O
“ =] [ & o
o Q o . N a ° . .V.I
©9030 bo ' M o] ol 4 ° . g o
dody oo o%0 by ° o ®%090 s w..l
o s °Poboba oo o o °
o Y 9bo o P 5 ° o 2=
o = r—~n
° q
P o oot o |9~
o
0z

5
&
¥
B
[
!
]
41

-3 . .
° _ oD 718
o _ rot79l = i T
8 o Po g, 0 %75 S 0o | d LI v A.%_u
E g o E A & a S Xl B
- o q Lo e o I _ a Q - 0 =
R -] o ° [0}
008¢0 b0 deony ) od 5o odg NE o TS . o
& om B MTEH aoBG ° mn S nu o 5 ° .Vl %
o -
s “ “Qodad, o do o ° qd o w w
. =
[ ogQ a L2,
Ll ] o oo N m
= & a g nu_u o) N_.l -
AR : S
2o, _
N o %
brnen .
e 80D)INS JoMoT o 0¢
gol g
.
0

o
7] TP
:uBu a 550 aht noD
o T of o
P - O a 3 o G a °
- ® 2 ng? o i 9 o -1 2 0%°
s om oz ) 5 ] 5 =
o E 00Ol hyocd 2 a o °oo o
&
°qo Fa B0 by, o °Qs ola %00 -
5 T o o
poman et &
P - ° o o edo o a °
=) Q) o ) S
. e d o o) w
o 5 -
o [
B ©
o
o & _I
- a ; . s 5T [
8

91~

2/9060 &/A4%L0 /4690 2/4¢S0 2/92¢0 279610

-

70



‘panuT3uo) -0l SInITH
"61°0- = 2FU0S dy {060 = W (q)

J/X ‘PIOYD JO UOHIDIS :
Ol 89 ¥ 20018 9 ¥ 200lg 9 ¥ 200189 ¥ 200189 ¥ g 001 8 9 ¥ ¢ O

¢ —r 8
\ o T
o i oy i . o =D _ )
g 12
oo s o q°9y o, ° . s $ ° r o
. h o & soR o o 1 o
LG o® o ap® ° qog® ° gdogd ago
- -] o L 540 lo A0 340 o
= T S 60 doon) ] °
F e b 2 -
™ o 1o = 5
4 " ) ) oo , .
oo 12
- 0406080 by a ° o @
= .
2 ° .
Z o o Og o o w|
EXT)
LLE-T:] ° o N Doy |
r b _ 7

do
0
a
h
o

b
o

d5 “yuaily 809 2Inssaiy

=
qn
5
O @ © & O ¢ @
— 1 1
i

<
I

£

b
q
B
DU
o
o
(-t
e8]
|

20d o
m [ 1° I
¢/9060 2/9%L0 ¢/4G90 ¢/4¢50 2/42¢0 /4610

o
T



oL

*PSNUTIUC) -°QT 8INITH
“pepnTouoy (a)

- 19/X *PAOYD JO UOIJODI
01l 8 9 ¥ ¢ 0018 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 2 001 8 9 V¥ ¢ 0

T - 2l
2092 = -
U_l w
{5 o = .
5 Nl AR TLA n 2y’ 1d
o) o o g
o 2 b | o oy ap® o o nna
T -
DUQG-.. a ° g o a o
of o olB :
q q.
LY - -
P A o g t°
Q)
P, ° 0 bo boog] o4, N o ) ‘o%e o o - § C4000do 700, L.
o o 3 B . o & m
a o 000506 bo cood oY pop ) o By o °
B0 b o oo pooag: [ " . T
B) 2dob o bo bos ° o N_l
° o bed o
- _ T T w
1 [#91=D i A
a T i g o
NS ol "D R %
] o s
o PP o 9 o7 ° ° o | gn® Y] o
- ] O a
g —— Q
aha @ ° ° 0g° .v.l m
o O
© 9 oogfo o Odg o o o &ua _ o ofo%0 ﬂlvv.
Ogo
b o ob Lokl ° _ o o ,oom.l AHJ.J
Py o ] Ugg Odg Aog, °bo ° =
o m ° N &
2 e a2 ; 3
FEEFS Po =
C -
°
e — o
— ° [ k)

(2]
(&)
(=]
S
s -
3
w
-
[(b]
Q
[oX
D
o
O ¥ ® W o

oo s - L $2]=D
!
— Y . o
A m e L ba o b0 P )2 bap® _ Luo
F et 5 T T Fhror e e L
po 53 op O] na
= > -] g 232 b o a ob & 2% o nn__u
sohe | O | b o
a o a
nom 5 — e
° op (]
- P © oocad o o -] o .VI.
- © o qoﬂ ) T T T o of
o~ ©0d® o + A Ok
T

o
h
P)O
Pl
i
)
i

¢/ 060 [Zi=%7Ne; 2/4G90 29¢40 &/9¢¢0 /4610

T2



-OK

‘panurquo) -°0T °In3Td
0T" 0~ = oﬂgom.‘mo £46°0 =
670 = W ()

, J/X% “paoyd JO UOIJoD. 4 ) S
Ol 8 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ ¢ 0018 9 ¥ 2 oo,___m.w..@. ¥ 2 0

o ,$9=D o
&0 ;
2. %% o P o
uunhMm . - 5 v, quope P s ol | lolap® N ° losap” ol lodat® cva.nEm
TS bo hoo] Py e o 1 - o o
o o N B ° .
° ) ) e ,VI.
o ha o o
[ “ oo Po. e r
u.__n Gk oq ooy, o oD Ol m|
| | | .
_ 1 28 s
o 9 Wv 10N.._Vn8 . mw
§ b H
© o §1e ‘Jo o [
° 2] ug o ° ° S oy ] = < - 5 m
o 8 85 2 2o 9 o ghaop? oo p® o Loopo o ogo o @
o T g
% ° °eq ERE NN 7° 2900000 bad, ol | el ofogogoi® (9]
o Po oy o .v..l %
=
=h
bo 71 o gl g- m
oane h L Odoofy, sopay) Oapn _ w.
i -
I _ . | ST
e 80D}JNS MO O l-g
aop44ns Jeddn o R g
° | .O'g
s » 2 o oz L) = b
Po o ° o ° o > o) N e
o o o
-] o o o o o 1o o
~ e o{agag? ey odogogoatp?d cgagogagdge oo bpagogagey v Y unm Htage n&o
i o
9 B
.q.l
. 8 .
j u.fn . agogo® odoafy [o O w -
LT | _ . (A

2¢/9060 2/ %L 0 2/4G690 2/4¢G0 2/94¢¢0 2/96l0

anC =T



906-1

*psnuTauo) --QT SanSTg
"panuTauo) (o)

J/X ‘PAOYD JO UOIODI S
Ol8 9 ¥ 20018 9 % 200189 +¥ 20018 9 ¥ 20018 9 ¥ ¢ 001 89 ¥

[aN]
(&

I T 8
Fog'2l =D I
o-H] o PO o o b 201 nunﬂu.m auu_utar [ 09@
o i NEEEa b Luopn RECEN [ Labope T O O
o oo m 23
OUOgN
o ) ado e 20900 i -
o
q
al® oRu ° b -
. T B T Pl e [ g-
« & ° ] ° Q.40 .
o N _|
9l-
T 1 1 T w-
S ..unmo_u‘HV . as)
} Dmvl.tnv ﬁlw
- o o] i 0Py |o° ° Lo 779 e babo _ J4n B
a i [o§u5° S hobeg” IoiegT N aiabate DNEEE m
o q “To o ° O =
abo Lo - <] - (D
o o ol bdodo? b obododobo om.._V.l o
oo %
° 090 ° ] . ”
o o —h
oy NI Tolod [Tgoa RN DTy 3 N [ o 8 - m
odofyo oo N_l. w
. )
90DINS MO O 9'|-°
8oD4NS Jaddn o S g
= Fo' 8=
& .
; 2 o Y o RSy ° o S et o . 15
- 1—|' ofot® = apabl ma op? o °4n009a7% TELLLA
_ ] et ot i 0
%)3@ Gl [ PP Y LN o35 (37090 &P
T ool \W..l
e$o0obo ° o
. 3 ol . © _ - [ g-
Gl n:__ CEEE:N [ an._guw o po Leen) » ) )
_ 11 ! 2=

2/9060 2/9%.0 2/9G90 2/9¢G0 2/a2¢0 2/9610

74



75

‘penuTquo) - OT SNITH
*panurquo) (9)

orn 9/% *p40YD JO UOI}ODIS
Samnn 0l 8 9 ¥ 20018 9 ¥ ¢ 0018 9 v & 0018 9 ¥ & 00189 ¥ & 00 89 ¥ ¢

e | _ | . Ak
& s 3 e - o86)=D - .
S E g . - a 4 T - fal n.v
B o T ap ] [ ]
. Qba C] uau L d L 4 gbo uyc
o oot e o
& : o | B o g [-] a a& o
q o i " - [
o
090 00hn - o a °p° °19%0q
T O oo 9o -3
] SSa L robe 28pgk E = 8-
e P toom Tom b, i o o )
©¢obo o A [
TP =)
a N_l
O
b -
« R

. T _ m HA.G
| Q| = P
: +91=D e 3
TG, Bo T Wurmw & u.v. @
o Lopopa e op o NE a ) e gpa _ P Lho m
T T
o n o 9 op°f of” SR 9° a° 0 ®
a ° la ° m
L 3 b &
) 0uodcs R - d ) cbo 000 K i nwlm...
TR g o) s o 5 Q.
0o00vace © gl o ®
| o d bo ) L
o [T O Yo bo ol ] ol ool N w ..mw.
o Caa
0 Yoo o N._l O
PR, 0 o
& .

o ¥ v ©
: T

=2 Dum poT 3
b oo PO YTy b1 9 ugop® 2gof” 09?
ey ) T o & o D
- ﬁ a d L 00 090 S [% hag® bag
c o
o 00 ale
T
°7°%ebo o .
3 ovodo XX ° w#‘
T o ° 0
T © = )
o Odg ° |
oy o 5 Tdotp 5] oAy, Y i3 mll
a b O Cocx =
P 0¢® 000 b® P % .
o i 21

2/9060 2/Av,L0 2/4690 2/9¢50 2/42¢0 2/9610

®
-

90G-1



906-"1 .

- 11 A &
*paNUTAUC) -+OT °2INITJ
*papntouc) (9)
9/X ‘pAoYD JO UoIoD.
0l 8 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 2 00189 ¥ 2 001 89 ¥ 2 0,
USRI, . <l
o_mwNMB Py .
hi Lo v 282 nw
Lo o ] oo PP Ry Lboi” af’ .
L ek ﬂn - o he o2 w...um 00 Ak ! A ] 3 o2 1 r..v
@ . 4 q © B ° N
o o xsc " g o *
LA .Vl.
od, Y0 ol g G 5 5 ot )
] - o - Wﬂa T k% - uémo - 0, - - odobo - wl
i °9° °7 200l ¢ SPoboha - ° . o .
—fs 41
9l-
.._ T _ N_
roOtg="2 g
ot uau mIWG
N N Lo o a E obe o . 0
et TR MR = , e LA
13 T T 3 2 3
o Y a o O D
ol O Qg_u (9}
=5 .8
s A=
E 3 v 8 pu A (=3
N © o boogl o oy og, ° o ofore _ o
3&@ = 7% ﬂT,oououog, (4ot °To Por ] b ° *T18 ...H.uf
= & © 990075 bo hood ° o O
- Y c°3 i ooN_ b o)
oo - 30D4NS JBMOT] O 91-
a7 a0py4ns Jaddn o 7
& B s B |0®._NH\MU
eame e uqnu.m
- ~ BT a )
: 2 . T —tepatel RCiAe i —sre L ¥
it o ; i I : - 0
o o 3 a] ©
Q. ‘q.l
TEE G| [ % A, ®°0obo ° ° a
Ao ||E% TE o bo boodkt = £ Yobolo mmnﬁ o i w -
© SO o Ty - v _.
2=
P 0 0%
9'f-

/9060 2/4%L0 2/9690 ¢/9¢50 ¢/92e0 2/9610

\O
=~



7

*peanUT4UO) -*QT SINITL

"00°T =W (P)

. 9/X *PioyD JO UOYID.] .
Ol 8 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 2 0018 9 ¥ 2 0018 9+ 2 001 8 9 ¥ Z O

___
p £'g8="D .
7. = A s = [ _ ek 1
E o b | _ bho o © ho g o o2 a agf
& om o T 5 TP &9 - Ao ELLR
L LA EH Lhodo L dobupe o shos® _ T o
- - ©
& o ° e oo ° o 0 4
o 5 X 5TTED ¢
o —_
R ° o .v
o 18
o
ogo 000y oy o o™ |ogoon 09090 P | Janamy odobo ogm < g
o -

3
¥
3

N

@D

_ T w )
B =
.. M =D I}
&° bao o _ ON.V ) .v nSb
e ° [z ° N ﬁ °l [l
el @ o = ° = ) o num o. o
CF Y] 1 2 e da pe Y Bo T ¥ o L L‘c co0 -
° 9 o oo ofoy d gopfeoopl apnglangofl Mogfgpgoye nfogayd O @
- 5] o kR El
= e . o ofokh o 0300000 Padyy 000 m
=) o)
R0 Yoo o 9 -
) o |2 .V “77
|13 5
EGE) ag o oo boi® odom 4 e omn g - &
=
=
1 s
-0
0D44NS JBMOT] O gli-5

femgn ‘ 20Dy4ns Jaddn

[e]

= £ 0=
~ (ea)

o3 ° ° & & e 2 .V

= = © B

@ doodd ° o o % o o o
o i 1) o ° [c © N
S bg o > B do] Qo q o I 558 ° 28068

20 qr TUEETED e TR ST roTTT Ry ek ok h 0

5 ° R

&

o g u_nu Lago oot o g

¢/9060 2/9%L0 4/4G690 2/9¢50 2/42¢0 2/9610



YUS L

‘panunuo) --0T ainbiH
‘papnjouo)d (p)

/X ‘pioyd Jo uonoelq
Ol 8 9 ¢ 2 008 9 ¥ ¢ 00T8 9 ¥ ¢ 00I8 9 ¥ 2 00T8 9 ¥ ¢ 001 &

9 ¥ & Om.
T
H -+ i =
- i o PE-LAN: . o i i
- - spol” n. e apop® q apof® " Hnmm .1 agef” _.Dmn il .v
Hﬂd@ﬂ o o 5 a uoed&a a O
»;mymf ° o
- . 000 = v ,Qw 000904 ° 5 5304070 ° cdoql
e 5ha] Pol TN oqnakn by == ] °
K 1 abao ofo o 3 ° oo wl
oY) TIo P ol990o Wm ° PYX:) ou: o
e > =
e
e O [eorn T EHE 2
e - i
& [ o = af d, .- @
o BB ) o BE T FEL) = _uubu__u]um_ i t u_: n._V a
k2 -] 5 o o0 Q g - gao / 590 _ YL =
o y ° a o &mwa s O @
—m i)
. < ° -] g %
Los G e Sbe 2 2 o2 2 ,V.I -0
by =) o =
FPop a0 Pxe ado oo nna.ﬂc S ° m
o M 0dobotod [“%oade 1°4 aho PO 1 0 1 b mlw.
e R _o T o N_ ..o
easaz QOO%LDW iBM0T] o ©
aopy4ns Jaddn o T 118
‘ Fo& &= i
b T ba Lo I~ o B YL
P o nnom e 2] oo gpd - &du e 0po Pl hogd Q nnw.n -1
amann T o O
= - o o
B & °9°90p, i Cb0d0902°970 °lod0¢0°7° Yok
oy E -
e ; i Ny I
- ~ cfoon |ogogad | oddHe 9 gy o St P
- 0dod g™ ° odobo P hoboPOope op?® i e wl
3 v
- N _|

/9060 ¢/av.L’0 /4590 ¢/9€s0 ¢/49¢€e0 /9610

78



(o))
I~

*PONUTAUO) ~°OT 2INITA .
*CO'T =N (°)

9/X *PIOY2 JO UOIODI]

0L 8 9 v 2 0018 9 ¥ 2 0018 9 ¥ ¢ 0018 9 ¥ ¢ 0Ql8 9 ¥ & 0O o.__:w‘..w. ¥ ¢ O,

, _ v 1 Legg= 1,
e o col _le o | PR 03 L o
:un TRV . T P gy R cdadodase K] P abndogogo R 8dagabobo
a8 - 0
°Y°¢e i s 3 T ITCEEb A 53060607 G
po i 0. "
7o Lo e - 5 . P-
b 1 mn
TO TUE w Loked [P9°m ©%ad000 bod, anan, Teod o bo = R w
30D4ANS JOMOT o Sl
-0
-~
_ 8opjns seddn o RSB g 9
d t =0 w
& ] : <l A . &
Y ° 2 o 5 o 1° 4 o :
@ hotHd T :uua_uﬁ Pei nun_&.& N Lo ° :nunu.xb ado oo 0
X T TGO IR T ) O (o]
> K H a adabe =] 0gogood @
T 00 o 06600 X CX 3 3 M %S .WIT
a 9 - O
~m . 8 v- g
- ? . _ _ — Y1) a9 0 o ok ouobon adoaty . J Oopun, Kmm _ i w
g e -
T e
aan b 8
M Cn .
° ° [ of° o ° L .OMOHB .
° o ; ° o] o o ° A kil .V
5
o hn o d . a@-
q ° uummum% obojog8g8 b8 cloboggpegs O 2078589009879 P do%ego88789°1" 0
) ; ; b
q ohe uwn oo, Ada, oag Qg i w

2/9060

2/Av.L0

¢/9690

2/9¢50

2/92£0

2/96l0



Dwm L

*POPNTOUC) -*QT SINTTJ
*popPnTOuU0) Amv

9/% ‘pA0YD JO UOIIDIH
0l 8 9 ¥ 2 0018 9 ¥ 2 001 8 9 ¥ 20018 9 ¥ & 001 8 9 ¥ ¢ 001 8 9 v_

o nw 90D4INS JOMOT] o
.9op4ns Jeddn o e

; T ol=D

-3

o . [ 1] Erﬁ i

go at aao
A . > PO T

- ba (| ahete abap aiod Lnhoaop® noep? %LS ny®
- o b T SR G SaTo

Lot

| | [T | (oo I 1.F]|8
aps e 2 o nmn__ Edn o DH : awofoy = .w. M_n_o_u g n.v.
fu _uHTn_ . 9 - a . T%Mw&lm s
Eailic) 0
Q
L : ol el et iegeteld -
85 To 1000l ° 2
° 0.4 0.9 0
G Lobobobed [ 70 N o po beas B o doo] “ 8 ~
M °%¢o °¢° .
2 N _I.
@ — . -~
] | (oD 1% 2
Y ._c\_n.u| ubuwm& , ) . LaT o .V m
: el NP EA TP WRTIE v 5
- ] . = =y ” oy
’ T . 10 ¢
& op ol o adodo®obo 0b0b000]99°C s [, o .V..l H.l.......
- °Fo o o Q ° . m
- oy % 3 R =
@ h obodo bo oooF Yogp 7o obo owooo o o o P° P w -
— “Te o . |ﬁhuuu
- a ' l-

g

b

6]

s o e ° “o - oo
2/9060 2/a9v.0 2/4690 29 ¢S50 2/92¢0 /9610

80



Li= OO
-2.0 0.19 b/2 10.32 b/2 0.53 b/2 0.65 b/2 0.74 b/2 0.90 b/2
o N A
- . - -
=N | \\.\// _ / - >
- e I /llnulun-ll ) /#nuﬂ\l/y /Jun\n\-..l// -
ﬁv\ [ 8 LT B el P LT T L
= =
N ,<\\
az= 4.2°
1.0
WQ s _U.o
|||||||| MD = Q°
S 20
5 . . A\
o - TN BN | —T--L -
: ) ,, N = SRR
3 | 4 = S /-.. X Y] ] 1711 g
o o—— = — a p— =< i IS
m | . —1 |1 b1 N /\ ,Pf\.\
()]
) a = 8.2°
a 1 0
-2.0
Fa¥
W \ A\ A
— =~ |t
\ Illlll =~ Y \Ill\.\\/
]ll.//y = I/IW' V/ll N “ P 7 .H. o
O\\..\\\\‘\\ f\\.\lhﬂ\ﬂ!\ lU“x\:\..hl\\u\\ .4\\||P.H\/l\ = \\\ A\ i \,..\\
a = 12.3°
1.0

0 2 4 6 81002 46810024 68100.24628100.2460810022486 810

Fraction of chord, x/

(a) M =0.80; Cp gonje = -O-44.

Figure 11.- Chordwise pressure distributions with aileron deflected 15° compared with basic-wing
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(a) M = 0.80.

Figure 15.- Boundary-layer flow patterns on a 60°
ailerons deflected -15°.
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Figure 30.- Variation of wing normal-force coefficient with angle of
attack with aileron deflected.
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